To isolate genes whose expression is up-regulated after initiation of meiosis, we employed an mRNA differential display method using RNA extracted from newt testis fragments in the spermatogonial and spermatocyte stages. We report here isolation of a spermatocyte stage-specific cDNA clone encoding a newt homologue of dynein intermediate chain (IC). The newt dynein IC cDNA was found to encode a polypeptide consisting of 694 amino acid residues with 66.8% and 45.8% amino acid sequence similarity to sea urchin dynein IC3 and Chlamydomonas IC69, respectively. The predicted protein contains five WD repeats and a novel repeated motif in the C-terminal region. Northern blot analysis revealed that newt dynein IC mRNA was expressed in the spermatocyte and round spermatid stages, suggesting that dynein IC plays a role in formation of flagella as well as in meiotic events.
Spermatogenesis consists of complex processes that include three main phases: mitotic proliferation, meiosis, and spermiogenesis. During these processes various molecules are expressed at specific stages and in specific cell types.
1,2 For understanding the molecular basis of spermatogenesis, it is indispensable to isolate genes which are differentially expressed during spermatogenesis.
In order to analyze the molecular mechanism underlying spermatogenesis, we have established an organ culture system in which newt secondary spermatogonia differentiate into primary spermatocytes upon addition of mammalian follicle-stimulating hormone 3, 4 and isolated genes that are stage-specifically expressed during these processes. [5] [6] [7] In the present study, we applied an mRNA differential display method 8 using RNA extracted from newt testis fragments in different developmental stages. Newt testes consist of cysts in which spermatogenesis proceeds synchronously and the germ cells at a certain stage are located in a restricted region. 9 In this way, regions that contain germ cells in a specific stage of development can be isolated.
The mRNA differential display method was employed using total RNA prepared from newt testis fragments in which the germ cells consisted exclusively of secondary spermatogonia and those rich in primary spermatocytes. Five sets of arbitrary and anchored primers were used to generate eight spermatocyte-specific PCR products. We focused on one PCR product ( Fig. 1 ) and extracted this DNA from the gel. After re-amplification with the same set of primers, the PCR product was subcloned into the pCRII vector (Invitrogen). Using it as a probe to screen a newt testis cDNA library (4 × 10 4 phage clones), one positive clone was isolated. The insert cDNA was excised with EcoRI, subcloned into pBSK-SK(-) (Stratagene) and sequenced using a DNA sequencer (model 310, Applied Biosystems). The sequences of the both strands were determined and the data obtained were deposited in the DDBJ data bank (AB051577).
Sequence analysis revealed that the clone contained a 2251-bp insert, which encoded a polypeptide consisting of 694 amino acid residues with a calculated molecular mass of 80.1-kDa. The predicted protein showed 66.8% and 45.8% amino acid sequence similarity to sea urchin outer arm dynein intermediate chain (IC) 3 10 and Chlamydomonas outer arm dynein IC69, 11 respectively (Fig. 3A) , with lower similarity (less than 27%) to mammalian cytoplasmic dynein IC.
12,13 From these findings, it was concluded that the cloned cDNA encoded a newt outer arm dynein IC homologue. Dynein ICs are components of dyneins which are molecular motors responsible for flagellar movement and movement of membranebound organelles.
14 These proteins are found in flagellar outer arm dynein 11 and cytoplasmic dynein complexes. Differential display of mRNA from testis fragments rich in secondary spermatogonia (G) and those rich in primary spermatocytes (PC). The mRNA differential display was performed using RNAmap kit (GenHunter). PCR and polyacrylamide gel electrophoresis were performed according to the manufacturers instructions. The gel was dried and exposed to X-ray film. The arrow indicates the PCR product which was then used for isolating the newt dynein intermediate chain.
ered to be responsible for protein-protein interaction,
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suggesting that ICs are involved in attachment of the dynein complex to its cargo. 14 In the newt dynein IC, five WD repeats are present in the same position as those in the other outer arm dynein ICs and cytoplasmic dynein ICs of other species (Fig. 3) . On the other hand, the C-terminal region of the newt IC is relatively long and contains a novel repeated motif with nine repeating units consisting of 10-13 amino acid residues (Fig. 3B ). This repeated motif shows about 37% amino acid sequence similarity to the N-terminal region of mammalian cytoplasmic dynein IC1, in which a coiled-coil structure was predicted.
12 However, the algorithm analysis developed by Lupas et al. 16 did not predict a coiled-coil structure in the repeated motif of the newt IC. Further analysis is needed to understand the structure of the repeated motif of the newt IC.
To examine the expression of newt dynein IC mRNA during spermatogenesis, northern blot analysis was performed using total RNA from testes fragments in various spermatogenic stages. Consistent with the results by the mRNA differential display method, newt dynein IC mRNA was scarcely detected in the spermatogonial stage (Fig. 2) . In contrast, a single mRNA species, approximately 2.5 kb in size, was found to be expressed in the primary spermatocyte stage at a high level and in the spermatid stage at a lower level (Fig. 2) . In newt 17 as well as in Xenopus, 18 a secondary spermatocyte was found to form a flagellum in vitro and probably in vivo, suggesting that flagellar formation occurs during the secondary spermatocytes stage in the testis. On the other hand, cytoplasmic dynein is required for oscillatory nuclear move- ment of meiotic prophase and meiotic recombination in fission yeast. 19 Therefore, the high level of dynein IC mRNA expression in primary spermatocytes suggests a possibility that dynein IC mRNA is stored in spermatocytes for flagellar formation and nuclear movement of meiotic prophase. This expression pattern is in contrast to those of other genes involved in spermiogenesis that are expressed postmeiotically: protamine, 20,21 transition [Vol. 8, protein 20 and newt 29-kDa axial fiber protein. 22 Further studies using an antibody are underway to determine the distribution and biological function of newt dynein IC during spermatogenesis.
